The host range of RNA tumor viruses is determined by a composite of surface receptor specificities and intracellular restriction phenomena. For avian and feline viruses, the major characterized determinant of cell susceptibility is the specificity of cell surface receptors; the best-characterized determinant of the host range of murine leukemia viruses (MuLV) is the Fv-1 gene product, which causes an intracellular restriction (18, 21, 22) .
There is a class of endogenous mouse viruses that are unable to infect mouse cells; they have been called xenotropic viruses because they can infect the cells of other animal species (2, 5, 23, 26) . From work on interspecies hybrid cells, it has been suggested that the barrier to infection of mouse cells by these viruses is an intracellular restriction (14, 33) . Using several methods, we have investigated whether there might be a barrier at the cell surface. First, we have determined cross-interference patterns of the xenotropic and ecotropic MuLV's and have shown that mouse-tropic (ecotropic) murine viruses interfere with each other because they all use the same receptors. However, the xenotropic viruses were found not to interfere with ecotropic viruses, suggesting that the xenotropic viruses cannot absorb to the receptor for ecotropic virus. Second, we have made pseudotypes of vesicular stomatitis virus (VSV) having the coat of xenotropic MuLV. These pseudotypes did not penetrate mouse cells but did penetrate rabbit cells, showing that no functional receptor for xenotropic murine leukemia virus exists on fibroblastic murine cells. In a similar fashion, it was shown that ecotropic MuLV's do not penetrate rabbit and mink cells. Finally, we have produced pseudotypes in which an ecotropic genome is found in a xenotropic coat, and vice versa. In both cases the tropism is determined by the coat, allowing establishment of an infection of a xenotropic virus in mouse cells and an ecotropic virus in mink cells.
To simplify description of these experiments, we have adopted the nomenclature of MuLVE and MuLVx to designate ecotropic and xenotropic MuLV's, respectively.
MATERIALS AND METHODS
Cells and leukemia viruses. The designation and 965 origin of each of the viruses used in this study are given in Table 1 . The description of the cell lines used here is given in Table 2. NIH/3T3 cells were a gift of S. A. Aaronson (National Institutes of Health [NIH] ). JLS-V9 cells were obtained from Ken Manly (Roswell Park Memorial Institute). The rabbit cell line (SIRC) was obtained from G. Todaro (National Cancer Institute). XC cells were provided by J. Hartley (NIH). NIH cells producing Moloney MuLV (M-MuLV) clone 1 virus were derived in this laboratory (11) . The 15176 cell line producing murine sarcoma virus (MSV) and MuLVx was kindly provided by J. Levy. SIRC cells producing the MuLVx from BALB/c cells are the end point of a titration of bromodeoxyuridine (BUdR)-induced virus from JLS-V9 cells (6) . NIH cells producing the endogenous N-tropic virus from JLS-V9 (11) .
N-C1-35-MuLV N-tropic MuLV derived from BALB/c animals and cloned (20) . B-C1-11-MuLV B-tropic MuLV derived from BALB/c animals and cloned (20 Induction with halogenated pyrimidines. On the day after plating of 5 x 105 cells/plate, the medium was changed to medium containing 20 ,ug of BUdR or iododeoxyuridine (IUdR) and 25 ,ug of deoxycytidine per ml. (27) . After 20 to 24 h, the BUdR-or IUdR-containing medium was removed, and the plates were washed once with regular medium. Peak virus production occurs 1.5 to 3 days after removal of the BUdR-or IUdR-containing medium (6) .
MuLV infections. Approximately 1 x 105 to 2 x 105 cells were seeded onto a 60-mm dish. Twentyfour hours later the cells were inoculated with 0.5 ml of the virus sample in medium containing 8 ,ug of polybrene per ml. After 2 h of adsorption, 5 
RESULTS
Interference among ecotropic viruses. Existing data suggest that all MuLVE cross-interfere (32) . We have tested this generality for two very different MuLVE strains. One is an Ntropic virus, IN-MuLV, that makes turbid small XC cell plaques. The other is M-MuLV, a virus that makes large XC cell plaques and is NB-tropic. The plaque morphology marker allowed the two viruses to be distinguished. When uninfected NIH/3T3 cells and NIH/3T3 cells preinfected with IN-MuLV were exposed to M-MuLV, the preinfected cells produced a yield after 5 days that was 10-3 of the yield from uninfected cells (Table 3 ). An XC cell titration of M-MuLV on either NIH/3T3 or NIH/3T3 preinfected with IN-MuLV showed a titer of 106 PFU/ml on NIH/3T3 cells and no M-MuLV plaques on the preinfected cells. These two different assays indicate a strong interference between the two viruses.
To investigate whether the interference among MuLVE strains was a surface interference, VSV(M-MuLV) was produced by infecting M-MuLV-producing cells with the heat-labile VSV t117. The VSV(VSV) in the stock was then killed by heating at 450C (47; Fig. 1 ). Neutralization of the heat-inactivated samples were infected with VSV t117 at 32°C at a multiplicity of infection of 1 to 2. The virus was adsorbed in a volume of 0.5 ml per 5-cm dish. After 45 min of adsorption, 4 ml of medium was added to the culture. After 14 h of incubation at 32°C, the virus yield was harvested and aliquots were heat inactivated for different lengths of time at 45°C. The residual fraction of VSV was then determined in a VSV plaque assay on NIHI3T3 cells at 32°C (@). Some samples that had been inactivated at 45°C were also neutralized with antiserum made against M-MuLV as indicated in Materials and Methods, and the remaining fraction of VSV was determined as described above (A).
with anti-M-MuLV antibody further decreased the remaining fraction 1,000-fold. The fraction that can be neutralized with M-MuLV antisera after heat inactivation is composed of the VSV(M-MuLV) pseudotypes (Fig. 1) . The VSV(M-MuLV) produced in this way was used to infect control mouse cells and mouse cells preinfected with various MuLVE strains (Table  3) . Different uninfected cell lines show as much as 10-fold variation in intrinsic susceptibility to VSV. To control this variability, the VSV(MMuLV) pseudotypes were assayed before and after neutralization with an anti-M-MuLV antiserum. Positive pseudotype susceptibility was indicated by at least a 100-fold drop in titer after antiserum treatment. VSV(M-MuLVE) could infect normal mouse cells as previously reported (18, 30, 46) but could not infect the cells previously infected with MuLVE (Table 3) . Therefore, the MuLVE strains tested all cross-interfere at the cell surface, suggesting that they use the same receptor-penetration mechanism.
Interference between a xenotropic virus and an ecotropic virus. Although MuLVx does not infect mouse cells, it might be able to block the surface receptor used by MuLVE. To test such a possibility, a mouse cell line producing a high titer of MuLVx was infected with a MuLVE. The cells used were JLS-V9 cells induced with IUdR. Although untreated JLS-V9 cells produced no detectable MuLVx, the induced cells produced 104 to 3 x 105 infectious particles per ml of MuLVx as determined by end-point dilutions on rabbit (SIRC) and rat (NRK) cells or by focus assay on cat S+L-cells (Table 4) . By supernatant DNA polymerase assay, IUdR-induced cells produced almost as much virus as the best MuLVE-producing cell lines (6) . The induced cells also produced a low amount of N-tropic MuLVE detected by endpoint dilution on NIH/3T3 cells (Table 4) , but no detectable B-tropic virus (6) . Induced and uninduced JLS-V9 cells were infected with MMuLVE at a multiplicity of infection of 0.5, and the M-MuLVE yield was determined by XC assay 40 h after infection. The induced cells produced 2.4-fold less M-MuLVE than did the uninduced cells (Table 5 ). This should be compared with the 1,000-fold difference produced by preinfection of cells with MuLVE (Table 3A) and suggests that MuLVx interferes, at most, slightly with MuLVE. The lack of interference between MuLVx and MuLVE was confirmed by titering VSV(M-MuLVE) on uninduced and BUdR-induced JLS-V9 cells; again the induced cells gave only a slightly lower titer of VSV (Table 5 ). The twofold difference between induced and uninduced cells seen in these assays To investigate whether VSV(MuLVXb) was actually produced upon superinfection of 15176 cells with VSV, the yield of VSV from these cells was neutralized with various dilutions of anti-VSV antiserum and then assayed on rabbit cells permissive for MuLVx (5) . A residual titer of about 10-4 could not be neutralized by excess anti-VSV serum (Fig. 2) . Addition of an antiserum made against MuLVx, however, reduced the residual VSV titer from 10-4 to less than 10-6, indicating that more than 100 PFU of VSV(MuLVXb) were present. Another way to demonstrate the VSV(MuLVx) was to titrate this VSV(MuLVx) on either SIRC cells or SIRC cells preinfected with MuLVx after treatment with either anti-VSV serum or anti-VSV serum plus anti-MuLVx serum. When the virus was assayed on SIRC cells, the anti-MuLVx antiserum inactivated at least 59-fold more virus than the VSV antiserum alone (Table 6 ). On SIRC cells producing MuLVx, no reduction could be detected. VSV(VSV) gave a fivefold higher titer on the MuLVx-infected cells. VSV(MuLVx) is therefore detectable in two ways: as virus that can be interfered with by MuLVx, and as virus that can be neutralized by anti-MuLVx antiserum.
To determine whether MuLVx can penetrate mouse cells, VSV(MuLVXb) was titrated on JLS-V9 mouse cells. On the mouse cells, the anti-MuLVx antiserum inactivated only twofold more virus than the VSV antiserum alone (Table 6 ). It appears, therefore, that MuLVXb is restricted at the cell surface in mouse cells. (2, 5, (23) (24) (25) (26) . Both classes of viruses are considered to be murine viruses because they can be recovered from uninfected mice and their DNA appears to be inherited as part of the genome of murine cells. They all (18, 46) . VSV(MuLVx) infects cells of rabbit and mink but infects poorly, if at all, cells from mice.
VSV(MuLVXa
Murine ecotropic viruses interfere with each other at the cell surface, presumably by competition for a limited number of surface receptor sites (32, 36, 37 21, 1977 MuLVx-specific receptors in a fashion reminiscent of the restriction of the subgroup E avian leukosis viruses on chf+ cells (43) . Small amounts of MuLVx glycoprotein have been found on the mouse fibroblasts from the strains used in these experiments (17) . It is not clear whether the amount of glycoprotein formed by these cells could be sufficient to cause significant interference. The experiments with VSV pseudotypes suggest that mouse cells may have a small number of MuLVx receptors, and one mouse cell line, derived from a wild mouse, has receptors for MuLVx (15) . The possibility that most or all mouse cells do have MuLVx receptors but that they are usually blocked by synthesis of endogenous MuLVx glycoprotein must therefore be seriously considered.
The observation by Scolnick and Parks (33) and by Gazdar et al. (14) that MuLVx is restricted in a dominant fashion in mouse fibroblasts would agree well with such an explana- There have been reports that mouse viruses can be grown on human cells (1, 4, 44) . In view of the results presented here, those reports are best explained by phenotypic mixing of MuLVx with MuLVE in the virus stocks that were used.
The MuLVx envelope thus can serve as a vehicle for either the MSV or the MuLVE genome in interspecies viral transfer.
